Abstract: Weibull distribution function is fitted to a measured wind speed data set at mast height of 30 m and GharoSindh (Pakistan) is selected as a case site under study. 
INTRODUCTION
The use of conventional energy resources such as coal, oil and natural gas for energy production has twofold impact. The ever increasing energy demand for industrial and economic growth has resulted in the rapid depletion of conventional energy resources and adverse effects on the environment [1, 2] . In the absence of proper energy policy, the under developed countries are most affected. As a result the interest in renewable energy resources for energy production has increased considerably. Wind is not only plentiful but is also environmentally friendly and furthermore the cost of clean energy production is less as compared to conventional energy resources.
Higher wind velocities and higher acceptable power densities in various parts of Pakistan such as coastal areas of Sindh and Balochistan, desert areas of Punjab and some Northern areas, present amicable opportunity to setup wind farms. Pakistan Meteorological Department (PMD) and Alternate Energy Development Board (AEDB) conducted a number of studies [3] [4] [5] [6] [7] to assess wind energy potential for these areas.
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investigation of recorded wind speed data and relevant weather parameters are required. A number of research groups are involved in the assessment of wind power density for various parts of the world. This would then lead to a better practical understanding in those regions for setting up of wind farms and installation of wind machines for energy production.
THEORY
Wind power density for a specific site is calculated by first fitting a theoretical distribution function to the recorded wind speed data points. In order to model the recorded wind speed data, a two parameter Weibull function is commonly used. The two parameters are termed as shape (k) and scale (c) parameters [25] . Weibull probability density function f(v) and cumulative distribution function F(v) are expressed as:
where v is the wind speed, k is a dimensionless parameter and c has the dimensions of speed. Equations 3 and 4 determine wind power density, P v and wind energy density, E d , using recorded wind speeds, whereas equations 5 and 6 determine Weibull mean wind speed V m and Weibull energy density E W , [26] [27] [28] [29] .
where () is a gamma function given by
where a denotes air density (1.225 kg/m 3 ). Weibull parameters are estimated by the methods given in the following section.
WEIBULL PARAMETERS ESTIMATION METHODS
In this submission Weibull parameters are estimated by using Modified Maximum Likelihood Method (MMLM) (equations 8 and 9), Maximum Likelihood Method (MLM) (equations 10 and 11) and Method of Momemt (MoM) (equations 12-15).
where V m and m are estimated Weibull mean velocity and standard deviation based on Weibull parameters and for measured wind speed data are calculated using the following equations, i.e.,
where i is the wind speed in the i th bin and n the number of data points ( > 0). f( i ) is the frequency of wind speeds lying in the i th bin, and f( 0) is the wind speed probability for values equal to or greater than zero. v and are the mean wind speed and standard deviation from mean for measured wind speed data.
RANDOM GENERATION OF WIND SPEED POINTS
Random generation of wind speed data points is performed by using a cumulative distribution function having a continuous random variable, R n , lying uniformly in the range (0,1). Wind speed v is generated by using equation 16 with specific shape (k) and scale (c) parameters.
GOODNESS-OF-FIT TESTS
The agreement between theoretical probability distribution function and the recorded wind speed data distribution is tested by using the Kolmogorov-Smirnov test, Root Mean Square Error (RMSE) and coefficient of determination (R 2 ). The Kolmogorov-Smirnov test statistics Q is evaluated using equation 17 and is a maximum error estimate between two cumulative functions.
where F(v) is the cumulative distribution function evaluated using specified Weibull parameters and G(v) is a cumulative distribution evaluated by using either observed wind speed data or by generated wind speed data. The critical value Kolmogorov-Smirnov test for identical sample sizes at 95 % Confidence level is determined by
A Q value greater than the critical value, Q 95 , implies that there is a disagreement between the fitted model and the recorded time series data under a given confidence level.
RMSE is a measure of the residuals of predicted values from the model and the values actually observed. A lower RMSE value means a good fit. RMSE test is given by 
n is the total number of observations, y i and x i are the observed and Weibull frequencies whereas z i is the wind speed mean.
RESULTS AND DISCUSSION
Gharo is located near the coast of Arabian sea in the district Thatta Sindh Pakistan. Gharo surface profile is generally mud flat with no prominent structures and due to this has a strong unobstructed wind. Gharo is located at about 30 Km from Bhanmbore city on the coastal highway (latitude 24 44.22 N and longitude 67 35.52 E). Wind speed data for Gharo was obtained from AEDB-PMD, Government of Pakistan. The data set consists of 527040 data points recorded in one minute interval at a mast height of 30 m for the period January 2004 to December 2004.
Analysis is performed in the following manner: One minute raw wind speed data is first processed by calculating hourly averages and then segregated into two groups, a monthly and yearly groups of data points. Monthly wind speed processed data is analysed and monthly descriptive statistics of 12 months is given in Table 1 . The table lists number of analysed data points, mean wind speed, wind speed range, standard deviation, kurtosis, skewness, power density, coefficient of variation and confidence level for each month. In the months from March to September wind speeds are lying between 5 m/s to 8 m/s and consequently higher wind power densities are expected in these months.
Weibull shape (k) and scale (c) parameters are estimated using three estimation methods (MMLM, MLM, MoM). Weibull functions are evaluated for monthly processed and generated wind speed data using estimated shape and scale parameters. In the study generated wind speed data points are same as the monthly recorded number of data points. Weibull wind characteristics are presented in Tables 2-4 for the three methods of estimation of Weibull parameters. In these tables column 2 lists the number of data points, Smirnov test is performed on yearly data. The test is performed to assess the goodness-of-fit of theoretical model by evaluating the maximum error between the two cumulative distribution function, one based on processed yearly wind speed data points and the other on randomly generated wind speed data points. Table  5 lists yearly wind characteristics based on the Weibull distribution function with Weibull parameters estimated using three methods of estimation. Figures 1-12 show a comparison between the histogram of the processed wind speed data, various pdf and cdf profiles of the processed and generated wind speeds for 12 months and for three methods. In general, Weibull pdf and cdf profiles estimated using MMLM show a better agreement with the histogram of the recorded wind speed data in comparison to MLM and MoM. Figure 13 shows a comparison between histogram of the consolidated yearly processed wind speed data and pdf and cdf profiles of the consolidated yearly processed wind speed data and generated wind speed data. The values for Weibull parameters (k and c) estimated using all three methods are approximately similar and a good agreement is seen between the profiles of processed and generated wind speed data points. Figure 14 shows the histogram of monthly wind power density evaluated using the Weibull function for which Weibull parameters are estimated by MMLM, MLM and MoM. 
CONCLUSION
The present paper is mainly devoted to the theoretical fitting of the Weibull distribution function.
Three methods of estimation of Weibull parameters, viz., MMLM, MLM and MoM are employed and the fitted distribution is tested using goodness-of-fit tests. Following conclusions are drawn from the study. 
